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jet-powered escape, perhaps
accompanied by the familiar jet of
ink, may be the best course of
action. Another response to an
imminent threat, long known to
close observers of cephalopod
behaviour [5], is the ‘diematic
display’ (Figure 1), combining one
or more high contrast spots with
distinctive tentacle postures and
a spreading of the body that
increases apparent size. Langridge
et al. [4], by staging encounters
between naı¨ve juvenile European
cuttlefish and a range of natural
predators (without allowing actual
predation), have now shown that the
molluscs can discriminate between
classes of predator and switch
defence tactics appropriately.
Camouflage is the cuttlefish’s
default strategy but, when
disturbed by the potentially fatal
risks posed by crabs or dogfish,
cuttlefish opt for immediate escape
or a rapid (startling?) darkening of
the skin followed by jet-assisted
withdrawal. The diematic display is
instead used with small teleost fish
and is often sufficient to cause the
fish to move away. The inference
is that small teleosts represent an
intermediate danger — they are
unlikely to eat the cuttlefish but
may draw attention to it or disturb
it — so a warning rather than flight
is required. Furthermore, teleosts
being visual predators, unlike
dogfish, a striking visual signal is
appropriate. Video footage of the
cuttlefish is striking: a young sea
bass comes too close and
suddenly, from near invisibility,
the cuttlefish ‘winks’ a large dark
spot on its flank closest to the
threat. Continued disturbance
may evoke twin eye-spots and a
vertical spread posture.
Apart from the (unwarranted)
anthropocentric surprise that
a mollusc is capable of such
complex behaviour, this study
raises several questions. First,
what is it about the diematic
display that is aversive to small
fish? It is not a true warning
(aposematic) signal, as the
cuttlefish poses no danger to the
predator. Is it the eye-like quality
of the dark circular spots, their high
contrast, or their rapid appearance
and disappearance? These, not
necessarily mutually exclusive,
explanations echo questions about
the function of eye-spot patterns
in many taxa, most notably
butterflies and fish [7,8]. Second,
although it is reasonable to assume
that the diematic display would
be ineffective against crabs or
dogfish, and flight is a costly and
unnecessary response to small
teleosts, these costs and benefits
have not been quantified. It would
seem that the display is potentially
risky because camouflage is
broken and it may attract the
attention of more dangerous
predators. Finally, how do young
cuttlefish discriminate between
teleost fish and elasmobranchs
such as dogfish? To a human
observer these predators are
superficially very similar, but
clearly naı¨ve cuttlefish have access
to robust cues that allow rapid
discrimination and appropriate
action. The ‘alien intelligence’ of
cephalopods continues to
surprise, and develop as a
remarkable model system for the
study of animal coloration and
perception.
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Figure 1. Juvenile cuttlefish
displaying an ‘eye-spot’,
part of the diematic display
(photo courtesy of D. Osorio
and K. Langridge).
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Our brain continuously creates various representations of the space
around us as a function of our on-going behaviour. A recent study on
how back space is represented in patients suffering from spatial neglect
underscores the distinction between motor and non-motor space.Arnaud Saj and Patrik Vuilleumier
How the brain represents space
remains a debated issue. TheEuclidian model of space used in
geometry extends seamlessly to
infinity in three dimensions, but
we can divide the space in which
Dispatch
R1061we exist into distinct regions of
varying biological significance,
which may have separate
representation in the brain. For
instance, near and far regions
of visual space may project onto
the same sector on the retina,
yet be coded in very different
ways (Figure 1). The former
includes our ‘personal’ body
space, which can be felt by
a touch, and the slightly more
distant but still close
‘peripersonal’ space, which is
within arm’s reach. The third
domain, ‘extrapersonal’ space,
is further away, beyond arm’s
reach [1].
One current view is that
visuo-spatial information is
processed in different frames
of reference according to the
specific demands of the ongoing
behaviour. This view is supported
by electrophysiological and
neuropsychological studies in
humans and animals showing
that multiple spatial reference
frames are used to guide
perception and action.
Electrophysiological work in
monkeys [2] has revealed
body-centred representations
of space described in terms of
different body parts to which
spatial coordinates are anchored,
or in terms of actions to which
they contribute, or in terms of
the distance to the subject.
Neurophysiological evidence
in favour of the distinction
between near and far space was
obtained some twenty years ago
in work on monkeys [3], and
subsequently confirmed in
patients with focal brain lesions
[4,5]. Furthermore, space may be
constructed by different inputs
that make different contributions
to different domains of space.
For instance, while vision
provides information about front
space only, audition or touch
may also alert about unseen
regions in space behind us,
and even memory may give
cues not directly present in
the scene.
The neurological syndrome
known as spatial neglect has
provided important information
about how space is represented in
the human brain. Spatial neglect is
a common and disabling syndromeFigure 1. Perception of space in humans.
Clinical data from patients with spatial neglect indicate that we divide the space
around us into several subspaces. Both personal (body, motor) and extrapersonal
(including locomotor) space may be disrupted for the left side after right brain lesion,
but this is usually assessed for front space only. What happens in non-locomotor back
space is less known, but might be preserved despite impairment for front space, even
in mental imagery tasks.occurring after unilateral, usually
right hemisphere, brain damage.
The most frequent etiology is
a large infarction in the territory of
the (right) middle cerebral artery.
Such a lesion often spreads to
the inferior parietal cortex and
damages adjacent structures such
as the optic radiations, insula,
dorsolateral frontal and superior
temporal cortices. Spatial neglect
entails an impaired or lost ability
to react to or process sensory
stimuli — visual, auditory, tactile,
even olfactory — that arise in
the hemispace contralateral to the
lesion (so usually the left
hemispace), and such failures
may occur despite the absence
of primary sensory or motor
loss [6].
Spatial neglect patients often
also have problems with the
processing of body space. At the
motor level, such patients may
underuse the arm contralateral to
the lesion (motor neglect), and
make fewer movements toward
the neglected side of their body
with their healthy arm
(hypokinesia). Typical
manifestations of left neglect
include failure to shave or
groom on the left side of the
face, or to read from the left page
of the newspaper. Such disorder
of space representation may
also affect the metric ofvisual objects [7] and of own
body space [8].
Research on spatial
representations in neglect has
essentially dealt with the visible
front space, and very little is known
about the unseen back space. Yet
the back space is clearly important
to us — a goal-oriented behaviour
may require turning back — and
a complete understanding of
spatial cognition should also
account for the representation of
back space.
In the front peripersonal space,
perceptions and actions are
thought to depend on the dynamic
elaboration of a body-centred
reference, something like
a representation of the medial
plane of the body [9]. Neglect
patients have shown a rightward
bias of this reference in several
studies that have tested the space
seen or imagined ahead of the
head and trunk. Thus, the position
of the reference, obtained by
pointing the index finger straight
ahead, is usually deviated
ipsilaterally to the lesion [10,11],
while the perceived extent of left
space is apparently compressed
[8]. Neglect also biases the
representation of other spatial
dimensions, as evidenced in
studies where patients have to
align a rod with subjective body
midline in front space: in addition
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a contralateral tilt of body midline
representation may be observed
[12]. These defects of body
representation may result in
a gradient of compression
(varying from upper to lower
space).
It is noteworthy that some
objects, such as sheets of paper
commonly used for clinical testing,
have a near edge that is also their
lower edge, and that neglect
patients show more severe
omission rates in the near (low)
part of the sheet in cancellation
tests or drawing [13], suggesting
a projection of the aforementioned
gradient in the horizontal front
space [12]. Double dissociations
between left neglect in
peripersonal and extrapersonal
space, or near and far space, have
also exclusively been reported for
tasks performed in front space.
However, the frontier between
near and far space, normally
determined by the reach of the
arms, can be modulated by the
use of tools such as a long stick
[14,15] or by a laser pointer: for
instance, when a long stick is
substituted for the laser pointer,
left neglect was extended from
near to far front space, suggesting
a remapping of far space as near
space based on motor action
goals [16,14].
Recent findings [17] suggest
that the range of actions in
locomotor space may also
modulate the content of mental
representations for back space,
even though it is not directly
perceptible by sight and cannot
be directly acted upon. How our
brain codes space behind us, and
how brain lesions may disrupt
mental images of back space, has
been rarely investigated. A
pioneer study [18] showed that
neglect patients mislocalized
auditory stimuli delivered in back
space; the pattern of errors
suggested an ipsilesional shift,
but one less pronounced than that
for front space. In this new study
[17], two neglect patients were
asked to describe verbally and
draw from memory the maps of
known locations, for example,
a square in town, their room in
hospital, or their house.
Performance was comparedwhen two vantage points were
imposed, shifting the imagery
perspective by 180 degrees.
Strikingly, the representation of
back space appeared relatively
preserved (though with some
possible distortions) when
patients were asked to describe
objects as placed behind them.
By contrast, they showed
severe neglect in mental
representation of the same
objects when asked to describe
their locations as imagined in
front of them. Moreover,
examples of drawings in one
patient also suggest that the
back non-motor (beyond reach)
space was better represented
than the back motor (within
reach) space.
Viaud-Delmon et al. [17]
postulate that mental imagery of
back space may be based on
‘orientation-free’ representations,
independent of a viewer-centered
reference system; they suggest
that ‘‘the dimensions left/right and
front/back are modularly and
separately represented in the
human brain’’. This conclusion still
needs to be confirmed in future
investigations, because reports of
the patients for the intact (right)
side of space usually included
objects that would not be directly
neither in sight nor in front space
strictly speaking, if patients had
been standing in reality at the
imagined location [19].
Nevertheless, the findings reveal
that neglect may differentially
affect reaching and locomotor
front space but spare non-motor
back space, and in turn suggest
that distinct neural substrates
subserve these spatial
representations (Figure 1). If
confirmed by further
investigations, this distinction
could add to, and expand, our
understanding of the more classic
division of between near and far
space.
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